Vibrio cholerae was isolated from cloacal swabs and freshly voided feces collected from 20 species of aquatic birds in Colorado and Utah during 1986 and 1987. About 17% (198 of 1,131) fecal specimens collected from July 1986 through August 1987 contained the organism. Both 01 and non-O1 V. cholerae strains were isolated from the fecal specimens. Isolates from eight birds (representing five species) agglutinated in 0 group 1 antiserum. Supernatants of broth cultures from three isolates which typed as V. cholerae 01 serotype Ogawa gave reactions typical of cholera toxin when tested on Y-1 mouse adrenal cell cultures. Several serovars of non-O1 V. cholerae were isolated from the fecal specimens; serovar 22 was the most prevalent type. All non-Ol isolates were cytotoxic to Y-1 mouse adrenal cells. Only non-O1 V. cholerae was detected in water samples collected from the habitat of the birds. The results of this study suggest that aquatic birds serve as carriers and disseminate V. cholerae over a wide area.
01, does not agglutinate with group 01 antiserum (8, 11) . V. cholerae 01, the causative agent of epidemic cholera, has been isolated from sporadic cases of cholera occurring in the United States since 1973 (3, 19) . Most domestically acquired cases of cholera have been reported in persons residing along the Gulf of Mexico and have been associated with the consumption of seafood contaminated with V. cholerae (3, 19) . Non-O1 V. cholerae may cause choleralike illness as well as extraintestinal infections (bacteremia, wound and ear infections) in humans (4, 5) . Human infections attributed to non-O1 V. cholerae are most often related to seafood ingestion, to exposure to polluted fresh water, brackish water, or seawater, and to foreign travel (5, 9, 22) .
Free-living strains of 01 and non-O1 V. cholerae have been found in coastal waters of the United States (7, 8, 15, 16) . Non-O1 V. cholerae has been recovered from surface waters (rivers, creeks, lakes, reservoirs, and irrigation canals) in Colorado at inland sites located approximately 1,300 to 1,500 km from the nearest coast on the Pacific Ocean and the Gulf of Mexico (26) . V. cholerae non-O1 also was reported to be associated with enteric disease in herbivores (horse, lamb, and bison) in western Colorado (25) .
The isolation of V. cholerae from herbivores and waters in Colorado led us to investigate the possible sources of this pathogen in the environment. We report here finding 01 and non-O1 strains of V. cholerae in feces collected from aquatic birds in Colorado and Utah.
(This paper was presented in part at the 87th Annual Meeting of the American Society for Microbiology, Atlanta, Ga. [J. E. Ogg Serotyping and toxigenicity tests were performed on each isolate by methods published previously (26) . RESULTS V. cholerae was isolated from fecal specimens collected from 20 of 28 species of aquatic birds in Colorado and Utah during 1986 and 1987 (Table 1) . The organism was cultured from cloacal swabs taken from nestlings and captured birds, as well as from fresh fecal droppings. About 17.5% of the 1,131 fecal specimens from the birds were positive for V. cholerae. The highest incidence of isolations of V. cholerae from bird feces occurred from May through October in the 12-month period covered by this survey (Fig. 2) . The organism was not isolated after culturing cloacal swabs obtained from 65 mallards, 1 green-winged teal, and 1 pintail during December 1986 and January 1987. Also, water samples and fecal samples taken during December 1986 and January 1987 from the sites containing the bird traps were negative for V. cholerae. The water temperature at these particular sites ranged from 4 to 5°C. (Birds were not trapped during February 19$7 because of inclement weather and the scarcity of resident birds.) The incidence of V. cholerae isolations began to increase with the return of migratory aquatic birds in March 1987; about 4% of the fecal specimens collected from 187 birds tested positive for the organism.
Feces from the following species of birds did not yield V.
cholerae: 2 American avocets (Recurvirostra americana), 7 American wigeons (Anas americana), 1 bufflehead (Bucephala albeola), 1 ruddy duck (Oxyura jamaicensis), 43 Canada geese (Branta canadensis), 1 hooded merganser (Lophodytes cucullatus), 1 spotted sandpiper (Actitis mnacuilaria), and 1 wood duck (Aix sponsa).
During the survey, a variety of serovars of V. cholerae were identified in the feces collected from aquatic birds (Table 1) . V. cholerae serovar 01 biovar eltor subtype Ogawa was isolated from two great blue herons and a ring-billed gull. Feces from five other birds (a California gull, three American coots, and a double-crested cormorant) yielded some isolates that initially agglutinated in 0 group 1 antiserum, but for unknown reasons lost this characteristic after subculturing. These isolates on further testing were either untypable in Smith antiserums or gave a positive agglutination reaction in one or more of the antiserums against non-O1 serovars of V. cholerae.
Non-O1 V. cholerae was isolated from the majority of the fecal specimens, and a specimen may contain more than one non-O1 serovars. For example, the fecal specimen from the California gull mentioned above yielded three non-O1 V. cholerae serovars, 22, 31, and 340. If the untypable isolates are excluded, non-O1 serovar 22 was the most prevalent, appearing in about 50% of the fecal specimens testing positive for V. cholerae.
Only non-O1 V. cholerae was detected in water samples obtained from the habitat of the birds during 1986 and 1987 (Table 2) . As reported by Rhodes et al. (26) , the ability to isolate V. cholerae appeared to be correlated with the water temperature since the organism was not isolated from waters at a temperature below 10°C. Water samples collected during March 1987 from sites where the water temperature was 9°C or less did not yield V. cholerae. The organism was isolated from the water collected at one sampling site during March 1987 when the water had attained a temperature of 10°C. Eight different non-O1 serovars of V. cholerae were identified in water as well as many strains that were not typable Chesapeake Bay (3, 7) . Another possibility is that the non-O1 V. cholerae may undergo antigenic changes and convert to an 01 serovar while in the intestines of a bird. There are reports of non-O1 V. cholerae gaining the ability to agglutinate in 0 group 1 antiserum and 01 strains undergoing antigenic changes affecting their agglutination reactions in 0 group 1 antiserums (12, 24, 35) . Seroconversions in V. cholerae warrant further investigation.
Human pathogens like Salmonella spp. (36) and Campylobacter jejuni (20) have been detected in feces of aquatic birds. We are aware of two reports of V. cholerae isolated from birds in the United States. Roberts et al. (27) recovered non-O1 V. cholerae on one occasion from bird feces collected in Louisiana. Non-O1 V. cholerae also was isolated from a mature domestic goose in Florida; the bird was one of five which had died of a disease of unknown etiology (33) . V. cholerae has been found in aquatic birds in Europe. Nonagglutinating (NAG) vibrios of Heiberg group I were isolated from three wild ducks and three domestic geese and ducks in Russia (10). V. cholerae NAG was found in conjunctival scrapings from two ducklings suffering from conjunctivitis and detected in the intestines of one of four ducklings from a hatchery in Denmark (1). Also, farmed ducks in Denmark after being released from houses to the open field showed a high prevalence of non-O1 V. cholerae in the cavum nasi and pharynx. The authors reported that a number of non-O1 serovars were isolated and incriminated migratory birds as the initial source of contamination of the domestic ducks (2). Szeness et al. (37) (6, 18) .
From the results of our studies, we were not able to determine the initial source of V. cholerae in waters in Colorado. Aquatic birds could import the organism during their migration from the south and contaminate the surface waters in this region each year, or as others have proposed, V. cholerae belongs to the autochthonous flora of aquatic environments (6, 7, 15, 18, 23) and thus may overwinter in waters or on aquatic animals or attached to plants.
The detection of typical toxigenic V. cholerae 01 as well non-O1 V. cholerae in the feces of aquatic birds has important consequences from a public health standpoint. Bird droppings contaminating a water supply with the epidemic strain of V. cholerae could cause outbreaks of cholera in humans far from areas where cholera is endemic. Aquatic birds carrying C. jejuni have been incriminated as the cause of a waterborne outbreak of campylobacteriosis in humans in Florida (31) . Also, inland surface waters polluted with aquatic bird feces could become a source of those types of non-O1 V. cholerae infections reported in humans in the coastal regions of the United States (9, 14, 21) . 
